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University.1. Introduction
Urban Transportation Planning Process (UTPP) is a multi-
stage process which includes transportation models such as
trip generation, trip distribution, mode choice and trip assign-ment. A model is deﬁned as a simpliﬁed representation of part
of the real world which concentrates on certain elements con-
sidered important for the analysis from a particular point of
view.Trip generation is a stage of a classical transportation
models that aims at predicting the total number of trips gener-
ated by (Oi) and attracted to (Dj) each zone of the study area
(i.e., originated from and destined to each zone). This total
number of trips generated by households in a zone depends
on the personal trip productions (e.g., car ownership, income,
household structure and family size) and personal trip attrac-
tions (e.g., number of employees and total areas of businesses).
Trip distribution model is the second stage of transporta-
tion models. This step matches trip maker origins and destina-
tions estimated by trip generation models to develop a ‘Trip
678 M.M.M. Abdel-AalTables’. A trip table is a matrix that displays the number of
trips going from each origin to each destination.
The most well known models of trip distribution are gravity
model, Logit model and Entropy Maximization model. Trip
distribution model depends on travel distance (time) between
each pair of zones.
Trip distribution models of a different kind have been
developed to assist in forecasting future trip patterns when
important changes in network take place. Over the year, mod-
elers have used several different formulations of trip distribu-
tion. The ﬁrst was Frater or growth model. This structure
extrapolated a base year trip table to the future based on a
growth factor(s), but took no account of changing spatial
accessibility due to increased supply or changes in travel pat-
terns and congestion. The next well known model developed
was the gravity model, which was originally generated from
an analog with Newton gravitation law. The ﬁrst use of the
gravity occurred in 1950s.
With the development of logit and other discrete choice
techniques as a derivative of the random utility model, new,
demographically disaggregate approaches to travel demand
modeling were attempted. By including variables other than
travel time in determining the probability of making a trip, it
is expected to have a better prediction of travel behavior.
The logit model and the singly-constrained gravity model have
been shown by Wilson [15] to be of essentially the same form.
The application of these models differs in concept in that the
gravity model uses impedance of travel time, perhaps stratiﬁed
by socioeconomic variables, in determining the probability of
trip making, while a discrete choice approach brings those
variables inside the utility or impedance function. For exam-
ple, the logit model expresses the destination choice as a func-
tion of the utility of choosing one alternative over another. In
general, discrete choice models require more information to
estimate and more computational time.
The notion of entropy maximization offers a theoretical
framework for spatial interaction models. The concept of
entropy maximizing or minimum dispersion arose from the
observations that urban travel choices do not reﬂect the cost
minimizing behavior. Based on statistical mechanics, entropy
is concerned with ﬁnding the degree of likelihood of the ﬁnal
state of a system. Data for urban systems are not usually abun-
dantly available. Therefore, a method is needed for making
reasoned estimates of the likely state of an urban system using
the available information. In this sense, the entropy is maxi-
mized subject to constraints of known information. The
entropy maximization approach used in generating a wide
range of models including the gravity model. In fact, the
entropy-type constraint has been shown by Erlander [6] to be
equivalent to a singly constrained gravity model and by Fisk
[9] to be equivalent to logit choice function.
The purpose of this research is to develop and calibrate a
doubly-constrained trip distribution model for the city of Alex-
andria, Egypt. A small sample of data has been collected for
the city of Alexandria. The proposed model is a framework
of modeling trip distribution for the purpose of analyzing
the travel behavior of trip makers for different purposes. A
simple, optimizing and effective weighing technique is applied
to mitigate the sample bias associated with small sample used
in this paper. The dispersion parameters are estimated based
on the weighted sample for each purpose. The model valida-
tion is also introduced in terms of – among other measures –the trip length distribution relative to the city size and the trip
purpose.
In order to calibrate trip distribution, an estimated trip gen-
eration for each zone needed to be obtained. The average trip
rate for the entire city of 1.2 trips/inhabitant/day was esti-
mated as a part of 1982 TranSyatem study [14]. A research
by the author in 2004 [1] indicated that this trip rate should
be increased by at least 10% to an updated rate of 1.32 trips/
inhabitant/day. The estimates of trips produced from and
attracted to each zone were essentially based on the latest aver-
age trip rate.
2. Model structure
2.1. Model formulation
The gravity model is much like Newton’s theory of gravity.
The gravity model assumes that the trips produced at an origin
and attracted to a destination are directly proportional to the
total trip productions at the origin and the total trip attrac-
tions at the destinations and inversely proportional to the dis-
tance (separation) between the origin and destination. The
separation between the origin and destination zones is better
be formulated as a decreasing function which is known as
deterrence function. For a study area divided into Z zones,
the model can be represented in the following functional form
[12]:
Tij ¼ aOiDj f ðcijÞ 8i; j 2 Z ð1Þ
where Tij is the trips produced in an origin zone i and destina-
tion zone j, Oi, Dj the total trip ends produced at i and
attracted at j, f(cij) the generalized function of travel costs
between any pair of zones i and j, a is the a proportionality fac-
tor.One version of this travel cost (deterrence) function that
will be used throughout this paper is given as follows:
fðcijÞ ¼ eðbdijÞ 8i; j 2 Z ð2Þ
where b is the dispersion parameter, dij the distance between
zones i and j.The sum of the trips produced between any origin
zone i and all destination zones j e Z should be equal to the
total trip ends produced at the origin zone. Similar statement
can be made for any destination zone. These are known as
the ﬂow conservation constraints and are given as follows:
X
j
Tij ¼ Oi 8i 2 Z ð3Þ
X
i
Tij ¼ Dj 8j 2 Z ð4Þ
To ensure the ﬂow conservation constraints given in Eqs. (3)
and (4), the single proportionality factor a should be replaced
by two sets of balancing factors Ai and Bj. Introducing these
balancing factors in Eq. (1) results in the classical version of
the doubly constrained gravity model which is given as follows
[12]:
Tij ¼ AiOiBjDj f ðcijÞ 8i; j 2 Z ð5Þ
where
Ai ¼ 1X
j
BjDj f ðcijÞ
8i 2 Z ð6Þ
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iAiOi f ðcijÞ
8j 2 Z ð7Þ
The balancing factors are, clearly, interdependent which
suggests that the calculation of one set of the balancing factors
requires the values of the other set. This indicates an iterative
process.
2.2. Trip purposes
The formulation of the trip distribution discussed above is
based on the assumption that distance (or time) spent traveling
is perceived negatively; the more distant the destination is, the
more burdensome the trip becomes. Most rips produced in a
given zone will be attracted to the surrounding or nearby
zones; of course some will attracted to moderately distant
zones and very few will be attracted to very distant zones. ThisFigure 1 Study area (is exactly what the structure of the deterrence function is
indicating.
Intuitively, the trip purpose has an effect on the trip
distribution in a sense that the effect of the travel distance
(or time) in discouraging trips is more profound for non-
work trips than for work trips which fall off less sharply
with distance. In other words, the compulsory (or manda-
tory) trips such as going to work or school are a lot less
sensitive to how distant their destinations are than the
discretionary (or optional) trips such as shopping, social or
recreational trips.
To capture the effect on the destination choice the trip pur-
pose should be included as a variable in the trip distribution
model. The trip distribution model can be split into several
sub-models each of which models the destination choice of
the trips of a certain purpose.Hence, for a set of purposes,
P, Eq. (5) can be rewritten as follows:city of Alexandria).
680 M.M.M. Abdel-AalTpij ¼ Api Opi Bpj Dpj f pðcijÞ 8i; j 2 Z; 8p 2 P ð8Þ
where
fpðcijÞ ¼ eðbpdijÞ 8i; j 2 Z; 8p 2 P ð9Þ
Eqs. (6), (7) can also be rewritten as follows:
Api ¼
1X
j
Bpj D
p
j f
pðcijÞ
8i 2 Z; 8p 2 P ð10Þ
Bpj ¼
1X
i
Api O
p
i f
pðcijÞ
8j2Z; ;8p2P ð11Þ
Finally, the ﬂow conservation constraints can be given as
follows:
X
j
X
p
Tpij ¼
X
p
Opi ¼ Oi 8i 2 Z ð12ÞFigure 2 Zone zystem (sections) of tX
i
X
p
T pij ¼
X
p
Dpj ¼ Dj 8j 2 Z ð13Þ
The purposes considered for the purpose of this paper are
as follows:
– HBW: home-based work trips.
– HBEdu: home-based educational trips (it is rather divided
into two sub-purposes.
 HBSch: home-based school trips.
 HBUniv: home-based university trips.
– HBShop: Home-based shopping trips.
– HBO: home-based other trips.
– NHBW: non-home-based work trips.
– NHBO: non-home-based other trips.he study area (city of Alexandria).
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maker is either the origin or the destination of the journey
regardless of the direction of the travel. Conversely, the
NHB trip is deﬁned as the trip where neither end of the trip
is the home of the trip maker [12].
2.3. Zone system
The study area covers the complete area of the city of Alexan-
dria. Fig. 1 illustrates the study area (city of Alexandria). The
City is divided into 15 zones which exactly congruent with the
borders of the city’s ﬁfteen sections (Kisms). Fig. 2 illustrates
the zone system (sections) and the zonal population of the
study area (city of Alexandria). Table 1 shows the sections
(zones) and statistics of the population residing in them. The
population and number of households of each zone in the ﬁrst
two columns are based on the 1996 Census. The values of total
population and total number of households of the year 2002 isTable 2 Zone system and employment statistics for the year 2002.
Serial Zone (Section) 1996 Employment
Educational Non-education
1 Montazah 17,791 123,150
2 Raml 13,877 107,750
3 Sidi Gaber 7843 80,237
4 Bab Sharq 6990 53,231
5 Moharem Bey 6289 64,036
6 Attarin 1016 85,116
7 Manshiah 556 10,313
8 Karmouz 3054 25,850
9 Labban 1403 18,485
10 Gomrok 2036 52,133
11 Min El-Basal 6060 44,430
12 Dekhelah 4042 40,253
13 Amria 4378 80,123
14 New Borg El-Arab City 702 28,714
15 Borg El-Arab 145 10,494
Total 76,182 824,315
Table 1 Zone system and population statistics for the year 2002.
Serial Zone (Section) Population (1996) # Household (1996) Po
1 Montazah 860,845 207,012 10
2 Raml 671,489 161,155 74
3 Sidi Gaber 189,753 47,794 21
4 Bab Sharq 169,104 44,548 18
5 Moharem Bey 304,321 74,645 33
6 Attarin 49,139 12,504 49
7 Manshiah 26,884 6882 26
8 Karmouz 147,770 35,963 14
9 Labban 67,877 12,082 67
10 Gomrok 98,507 26,322 98
11 Min El-Basal 293,249 67,744 29
12 Dekhelah 195,598 47,432 21
13 Amria 211,856 47,665 23
14 New Borg El-Arab City 7016 1675 85
15 Borg El-Arab 33,964 6332 37
Total 3,327,372 799,755 37based on the prediction of the 2004 paper by the author [1] and
are shown in the third and fourth columns. The total popula-
tion was projected based on an average annual growth rate of
1.87% while the total number of household was projected
based on an annual growth rate of 0.5% of the total popula-
tion. The population and number of households are assumed
to be constant for several zones; namely zones 6, 7, 8, 9, 10
and 11. The growth in the population and number of house-
holds were distributed to the remaining zones relative to their
1996 values. All of the zones received an equal growth percent-
age except for two zones (zones 1 and 14) which received dou-
ble the assumed percentage of growth. The reason for the
assumption of faster growth is because the vast area of empty
lands within the borders of these two zones (sections) which, in
terms of area, are the largest zones of the city. Column 5 shows
the number of households surveyed in each zone, while column
6 shows the corresponding percentage relative to the total
number of the surveyed households throughout the city.2002 Employment
al Total Educational Non-educational Total
140,940 20,104 139,159 159,263
121,627 15,682 121,757 137,439
88,080 8863 90,668 99,531
60,221 7898 60,151 68,050
70,325 7107 72,360 79,467
86,131 1148 96,181 97,328
10,868 628 11,653 12,281
28,904 3451 29,211 32,662
19,888 1585 20,888 22,473
54,169 2300 58,910 61,211
50,491 6848 50,206 57,054
44,295 4568 45,486 50,053
84,501 4948 90,539 95,486
29,416 793 32,447 33,241
10,639 164 11,859 12,022
900,497 86,086 931,476 1017,562
pulation (2002) # Household (2002) # Sample (HHs) % Sample (HHs)
52,443 259,092 79 35.4
6,215 181,427 46 20.6
0,870 53,806 36 16.1
7,923 50,152 24 10.8
8,187 84,035 7 3.1
,139 12,504 5 2.2
,884 6882 1 0.4
7,770 35,963 5 2.2
,877 12,082 1 0.4
,507 26,322 2 0.9
3,249 67,744 4 1.8
7,365 53,399 10 4.5
5,432 53,661 3 1.3
78 2096 0 0.0
,744 7129 0 0.0
18,182 906,293 223 100.0
682 M.M.M. Abdel-AalTable 2 shows the zonal employment statistics. The 1996
employment is based on the 1996 census private employment
break down by zone and type (educational and non-
educational) with the total of 535,095 employees. In terms of
the governmental employment, it was assumed to be propor-
tional to the population with the national ratio of 1/10 with
additional 10% to account for big urban area with core
governmental facilities with a total of 365,402 employees.
The governmental employment is distributed according to
the number of governmental buildings in each Section. The
total educational employment was calculated based on the
assumption of a ﬂat ratio of one employee for each 15 students
in the school age range (5–17) allocated in the students’ resi-
dence zone. All of the zones received the same ratio except
for two zones (zones 3 and 4) which received double the
assumed ratio. The governmental non-educational employ-
ment was then calculated. This process resulted in a total
employment of 900,497. The employment of 2002 was
obtained by applying the same growth ratio of number of
households of 13% as shown in Table 2.
3. Sample description
Out of the travel survey of 500 households of the city of Alex-
andria, Egypt, intended by the author between the spring of
2002 and early 2003, only 400 households were successfully
surveyed. A total of 223 households had complete records of
the person and trip information necessary for building the Trip
Distribution gravity model such as origin (Oi), destination
(Dj), travel purpose (p), time of travel (t). The sample contains
938 persons and 2366 trips. In addition, the sample data con-
tain household information such as household size (HHSize),
number of cars owned by the household (HHCO), age of the
head of household (HHAge), number of workers in the house-
hold (Wkr/HH), household annual income (HHInc) and sec-
tion of residence (DR) which will be used for weighing the
small sample.
3.1. Sample statistics
The sample aggregate statistics are shown in Table 3 in com-
parison with the population statistics for the city of Alexandria
in 2002: the year of sample collection. The population statistics
were based on data available from the Central Agency of
People Mobilization and Statistics (CAPMAS) 1996 Census
[3], CAPMAS statistical books of 2000 and 2001 [4,5] andTable 3 Comparison between sample and population statistics for
Population Household attributes
HHSize HHCO
4.10 74
Sample 4.21 217
Weighted Sample 3.89 82
Rel. Error (Sample) (%) 3 193
Rel. error (weighted sample) 1st round (%) 8 0
Rel. error (weighted sample) 2nd round (%) 5 10
a Yearly income in LE.
b Average of the absolute relative errors.the Ministry of Foreign Trade Monthly Digest of 2002 and
2003 [10,11]. It is important to emphasize here, that for the
HHAge, Wkr/HH, and HHInc, the population statistics for
the city of Alexandria were substituted by the national statis-
tics. Table 3 also illustrates the sample bias in terms of the
relative error between the sample and the population means
of different attributes.
3.2. Sample weighing
In order to eliminate the effect of the sample bias, each trip
record was factored using a weight to reﬂect its likelihood of
occurrence in the population. Five weights associated with
the ﬁve household attributes, HHSize, HHCO, HHAge,
Wkr/HH and HHInc, were assigned to each record such that
the corresponding weighted sample statistics comply with
those of the population as close as possible. Although each
weight would individually make the corresponding statistic ﬁts
its population counterpart, the combined weight would not be
expected to have the same perfect effect on the weighted sam-
ple [1].
The record combined weight was calculated as the product
of the ﬁve weights with each of which raised to a unique expo-
nent. The optimum combination of these exponents that pro-
duces the minimum average of the absolute values of the
relative errors of the ﬁve attributes was estimated and applied
to the sample records. Even with the optimization procedure
which resulted in a very little relative error (4%) for the ﬁve
attributes combined, the weighted sample still has signiﬁcant
relative error (40%) with regard to the section of residence.
Table 3 shows the results of the sample weighing process.
Another round of weighing was applied through factoring
each sample record so that the percentages of the sections of
residence in the sample represent those found in the popula-
tion. Although the relative error of the section of residence
was almost eliminated (only 1%), it caused the increase in
the relative errors for some of the other ﬁve household attri-
butes, especially for HHCO and Wkr/HH resulting in a com-
bined relative error of the ﬁve attributes to reach
approximately (8%).
However, the small residual errors manifest the effective-
ness of the weighing procedure relative to the considered attri-
butes. It is worth noting that the absolute values of all relative
errors are generally under 10%.
A closer look at the section level shows the bias of the sam-
ple in terms of the relative errors between the percentages ofthe year 2002.
HHAge Wkr/HH HHInca All Attributesb DRb
43.6 1.14 21,789
50.7 1.61 25,188
46.4 1.27 20,364
16 41 16 54 63
3 0 10 4 47
7 11 7 8 1
Table 5 Trip purposes shares in the sample vs. weighted
sample.
Purpose Percentage Sample Weighted Sample
(%) (%)
HBW a 26.2 23.6
HBEdu e 30.5 31.2
HBShop c 9.7 10.5
HBO d 19.6 10.2
NHBW / 4.9 3.9
NHBO u 9.1 10.5
Total 100.0 100.0
Table 6 Key variables for the city of Alexan-
dria in 2002.
Variables Value
POP 3,718,182
Empe 86,086
Empo 931,476
Empt 1,017,562
Student 10–17 669,273
Student 5–17 1,152,636
Calibrating a trip distribution gravity model stratiﬁed 683the sections of residence (in terms of the number of the house-
holds) surveyed and those of each section which ranges from
77% for zone 13 to 172% for zone 3 as shown in Table 4.
The weighted sample however shows signiﬁcant improvements
of the bias as the relative errors of the sections of residence
almost diminish with an average of the absolute relative error
also decreases from 63% to 1%. It is easy to see that the small
residuals of 1% represent exactly the unsurveyed households
of zones 14 and 15.
4. Model evaluation
4.1. Model stratiﬁcation
As mentioned above (Section 2.2), the proposed model will be
initially stratiﬁed based on the six trip purposes. The shares of
trip purposes in the sample are shown in Table 5. Due to the bias
of the sample in the direction of higher car ownership, age of
household head, number of workers and household income, it
is expected that the work-related trips are over-represented in
the sample. After applying the weighing technique to the
sample, the shares of the trip purposes in the weighted sample
have altered as shown in column 3 of Table 5. It is clear that
the shares of the HBW and NHBW purposes decreased on the
cost of the increase in all other trip purposes shares. Themanda-
tory trips (HBW and HBEdu) account for 54.8% which far less
than the reported for Alexandria in 1996 [7].
4.2. Estimation of trip ends
The estimation of trip ends or production and attraction for
each purpose is one of the most important tasks due to the spe-
ciﬁc deﬁnition of the trip purpose especially for the home-
based trips (HB-trips).
To start with the estimation procedures of trip ends corre-
sponding to the deﬁnition of the trip purpose, we have to
deﬁne the variables used in the estimation process using the
following notations:Table 4 Comparison between sample and population percentages f
Serial Zone (Section) # Households (DR)
%
1 Montazah 28.6
2 Raml 20.0
3 Sidi Gaber 5.9
4 Bab Sharq 5.5
5 Moharem Bey 9.3
6 Attarin 1.4
7 Manshiah 0.8
8 Karmouz 4.0
9 Labban 1.3
10 Gomrok 2.9
11 Min El-Basal 7.5
12 Dekhelah 5.9
13 Amria 5.9
14 New Borg El-Arab City 0.2
15 Borg El-Arab 0.8
Total 100%POP: population (persons).
Empe: educational employment.
Empo: other employment.
Empt: total employment.
Student 5–17: No. of persons in the school age between 5
and 17 year old.
Student 10–17: No. of school student for whose trips are
counted (older than or equal 10 years of
age); i.e., between 10 and 17 year old.
The values of the key variables for the city of Alexandria
are given in Table 6.or section of residence for the year 2002.
Sample (DR) Weighted sample (DR)
% Rel error % Rel error
35.4 24% 28.9 1.0
20.6 3% 20.2 1.0
16.1 172% 6.0 1.0
10.8 95% 5.6 1.0
3.1 66% 9.4 1.0
2.2 63% 1.4 1.0
0.4 41% 0.8 1.0
2.2 44% 4.0 1.0
0.4 66% 1.3 1.0
0.9 69% 2.9 1.0
1.8 76% 7.6 1.0
4.5 24% 6.0 1.0
1.3 77% 6.0 1.0
0.0 N.A. 0.0 N.A.
0.0 N.A. 0.0 N.A.
100% 64% 100% 1%
Table 7 Estimation the number of trips for different purposes for both production and attraction ends for each TAZ.
Purpose Production trip ends Attraction trip ends
All purposes Tr \ POP r(# \ Empt + v \ Empe + HBUniv)
HBW a \ Tr \ POP # \ Empt
HBEduc HBSch 2 \ Student 10–17 v \ Empe
HBUniv e \ Tr \ POP-HBSch One TAZ (No. 4)
Remaining All purposes – HBW–HBEduc All purposes – HBW–HBEduc
HBShop c/Tr(1  a  e) \ Remaining c/Tr(1  a  e) \ Remaining
HBO d/Tr(1  a  e) \ Remaining d/Tr(1  a  e) \ Remaining
NHBW //Tr(1  a  e) \ Remaining //Tr(1  a  e) \ Remaining
NHBO u/Tr(1  a  e) \ Remaining u/Tr(1  a  e) \ Remaining
684 M.M.M. Abdel-AalIn addition, we have to deﬁne the parameters used in the
estimation process using the following notations:
Tr: daily trip rates per persons (assumed 1.32 trips/day/
persons).
a: percentage of HBW trips out of the total trips traveling in
the study area.
e: percentage of HBEduc trips out of the total trips travel-
ing in the study area.
c: percentage of HBShop trips out of the total trips travel-
ing in the study area.
d: percentage of HBO trips out of the total trips traveling in
the study area.
/: percentage of NHBW trips out of the total trips traveling
in the study area.
u: percentage of NHBO trips out of the total trips traveling
in the study area.
#: attraction ratio of the of the HBW trips as a function of
total employment.Table 8 Daily trips for different trip purposes.
Purpose Production/attraction
All puposes 4,908,000
HBW 1,158,751
HBSch 1,338,546
HBUniv 194,243
HBEduc 1,532,789
Remaining 2216,461
HBShop 514,065
HBO 993,924
NHBW 192,671
NHBO 513,876
Table 9 Model calibration results.
Trip purpose B Average trip length
Model Unweighted
HBW 0.12 8.2 7.8
HBEduc 0.14 6.9 6.9
HBShop 0.80 4.2 5.0
HBO 0.22 5.9 5.7
NHBW 0.27 5.4 5.9
NHBO 0.50 4.3 4.3
All purposes 0.19 6.3 6.4v: attraction ratio of the of the HBSch trips as a function of
educational employment.
r: attraction ratio of the total trips as a function of the
mandatory trips (HBW+HBEduc).
The equations shown in Table 7 explain the relationships
between the number of trips for different purposes and the
variables for both production and attraction ends from/to each
TAZ.
For the production side, the total trips (all purposes), it is
understood that the total trips produced are the product of
the daily trip rate (1.32) and the population for each TAZ.
The HBW trips are simply a portion of those trips. This
portion is the purpose share as estimated in Section 4.1. The
HBEduc trips are treated similarly. However, the school trips
are separated from the university trips by introducing two
sub-purposes HBSch and HBUniv. The HBSch trips are sim-
ply twice the population in school age representing two trips
per students for going to and returning back from school.
The HBUniv trips are the balance of HBEduc. The trips are
distributed over different zones according to the population
with different weights to reﬂect different social levels. The
weights range from 1 to 3. A weight of 3 is given to zones 1,
2, 3 and 4, while a weight of 2 is given to ones 5, 6, 7 and
10. The remaining zones are given a weight of the unity.
The HBW and HBEduc together are known as mandatory
trips. The non-mandatory trips are the difference between total
trips and the mandatory trips for each zone. For the other pur-
poses, HBShop, HBO, NHBW and NHBO, the trips produced
for all zones are proportional to their corresponding shares
estimated from the weighted sample (see Section 4.1).
For the attraction side, the total trips attracted are, theoret-
ically, the sum of all attracted trips of different purposes to
each TAZ.The HBW trips are simply the total trips for that
purpose distributed over different zones by the total employ-Incidence ratio
Weighted Unweighted Weighted
8.0 0.78 0.82
7.0 0.65 0.78
4.2 0.80 0.84
5.9 0.70 0.82
5.4 0.62 0.72
4.4 0.69 0.61
6.3 0.76 0.81
Figure 3 Comparison between the modeled (estimated) and the
weighted observed trip length distribution (HBW).
Figure 4 Comparison between the modeled (estimated) and the
weighted observed trip length distribution (HBEduc).
Figure 5 Comparison between the modeled (estimated) and the
weighted observed trip length distribution (HBShop).
Figure 6 Comparison between the modeled (estimated) and the
weighted observed trip length distribution (HBO).
Calibrating a trip distribution gravity model stratiﬁed 685ment. The attraction ratio for each employee (#) will be then
estimated.The HBSch trips are treated similarly yet the distri-
bution is according to the educational employment rather than
the total employment. The attraction ratio for each educa-
tional employee (v) will be then estimated as well. It is impor-
tant to notice here that the HBUniv trips are all attracted to
one TAZ (TAZ No. 4) where the university is largely located.
Like productions, the non-mandatory trips (remaining
trips) attracted to each zone are the difference between total
trips and mandatory trips and the total attracted trips to all
zones for different purposes are proportional to their corre-
sponding shares estimated from their weighted sample.
To make it possible to calculate the remaining trips, the
total trips for each zone have to be estimated beforehand
according to the equation shown in Table 7. That is, HBW
and HBEduc are calculated ﬁrst and then the employment
attraction ratios (# and v) are calculated and ﬁnally, the total
trips are calculated.Figure 7 Comparison between the modeled (estimated) and the
weighted observed trip length distribution (NHBW).
Figure 8 Comparison between the modeled (estimated) and the
weighted observed trip length distribution (NHBO).
Figure 9 Comparison between the modeled (estimated) and the
weighted observed trip length distribution (All Purposes).
686 M.M.M. Abdel-AalThe attraction ratio (r) balances out the total trips on the
attraction side with its counterpart on the production side as
a function of the mandatory trips.
The number of the attracted trips for each employee (#) is
estimated to be around 1.14 while the number of the attracted
trips for each educational employee (v) is estimated to be 15.5.
The value of the attraction rate (r) was estimated to be 1.82. It
is worth noting that a comparable value of # has been esti-
mated for Abuqurque Travel Demand Model [13] to be 1.14.
The ﬁnal total daily trips of different purposes and their
corresponding shares are shown in Table 8.
4.3. Model calibration
The trip ends or the productions and attractions were used to
estimate the trip distribution table Tij using the Iterative
Proportional Fitting (IPF) technique. For more informationFigure 10 Municipalities (districts) ofabout the theoretical basis of this technique see Beckman
et al. [2]. The trip matrices for different trip purposes were ﬁrst
seeded by the cost function as given by Eq. (2) using an origi-
nal B= 0.10. The IPF technique was then applied until a
convergence was achieved for each purpose. The number of
iterations for the iterative process ranged from 9 to 22 itera-
tions.To calibrate the gravity models, for each purpose, in
terms of obtaining the best coefﬁcient B, the coefﬁcient was
iteratively changed until the trip length distribution estimated
by the model converges to its observed counterpart. The con-
vergence was measured by minimizing the difference between
the two curves in terms of maximizing the overlapped areas
using the incidence ratio [13]. Table 9 shows the results of
the model calibration against the observed trip length distribu-
tion (unweighted and weighted). It also compares the esti-
mated and observed average trip length for each trip purpose
(unweighted and weighted).the study area (city of Alexandria).
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each purpose, as well as for the all purposes combined,
matches the observed average trip length. However, the mea-
sure of how well the ﬁtness between the estimated and the
observed trip length distribution was good for all purposes
but one. This purpose, namely; NHBO, has incidence ratio
in the range of 0.69–0.61 for the unweighted and weighted
sample; respectively, while other purposes have incidence
ratios between 0.72 and 0.84 for the weighted sample and
between 0.65 and 0.80 for the unweighted sample.It is easy
to see that the dispersion parameter b of all purposes com-
bined is 0.19 and the corresponding average trip length
(6.3 km) is compatible with a dense city such as Alexandria
of total urbanized area with less than 400 squared kilometers.
In addition, the HBW and HBEduc trips have the smallest
dispersion parameters of 0.12 and 0.14; respectively, which
indicate that the sensitivity to trip length for mandatory tripsFigure 11 Sectors of the stud(work and education) is very low. That is, people clearly do
not freely choose their work places or their educational insti-
tutes. Similar argument is also valid for both HBO and
NHBW as both purposes has usually some mandatory aspect
having to be done from home or being related to work;
respectively.
On the contrary, the highest dispersion parameter of 0.8 is
associated with HBShop which indicates that the sensitivity to
shopping trips is the highest. This means that people, gener-
ally, choose the closest shopping facilities to their homes, as
expected. Similar argument is also valid for NHBO; i.e., for
trips that people have to do only whenever they are close by,
chained with other trips, and being already outside their
residences.
Figs. 3–9 show the estimated (modeled) trip length distribu-
tion compared to the weighted trip length distribution for each
trip purposes. It is easy to notice that the trip lengthy area (city of Alexandria).
Table 10 Model validation results (comparison between the
aggregate attributes).
Attributes 1996 2002 Change (%)
Average trip length (km) 5.0 6.3 26
Intrazonal trips (Eastern Sector) (%) 43% 35.5% 17
688 M.M.M. Abdel-Aaldistribution is relatively broken, which can be attributed to the
large size of zones. On the other hand, the goodness of ﬁt for
NHBO is relatively weak in terms of smaller incidence ratio;
only 0.61 for the weighted sample. In fact, the goodness of ﬁt-
ting for the unweighted sample is a little bit better with inci-
dence ratio of 0.69. The weak goodness of ﬁtting for NHBO
can be explained by the various sub-purposes included in this
purpose along with the effect of small sample bias. It is also
noticeable that although the goodness of ﬁtting for the HBduc
is very good, there is an unexplainable spike of the relative fre-
quency of the observed trips relative to the modeled trips for
trips with lengths between 12 and 14 km.
4.4. Model validation
To validate the estimated trip distribution gravity model, sev-
eral, more aggregate attributes are compared with correspond-
ing observed values. The attributes used are as follows:
– City-wide average trip length.
– Intrazonal trips within city sectors.
– Total trips between different sectors of the cities.
The average trip length for the entire city of Alexandria is
given in Table 9. In order to estimate the last two attributes
the 15 city sections are aggregated into 7 municipalities
(districts) as shown in Fig. 10. The municipalities are, in turn,
aggregated into 3 sectors; namely, eastern, middle and western.
Fig. 11 illustrates these 3 sectors. The ﬁgure also shows the per-
centages of the daily trip interchanges between the 3 desig-
nated sectors of the city.
While the average trip length of the city of Alexandria was
estimated to be about 5 km. [7] in 1995, the intrazonal trips of
the eastern sector of the city were estimated to be about 43%
[8] in 1996. Table 10 shows the comparison between the mod-
eled attributes of 2002 and their corresponding values reported
in 1995/1996.
It is easy to notice that the average trip length increased by
26%, which is expected as a result of extending the developed
areas of the city over the years, especially in the western sector.
Inversely, having more attractions to the west is expected to
attract more trips out of the eastern sector and, consequently,
reducing the percentage of the intrazonal trips within the
sector.
Finally, the daily trips between the city sectors are propor-
tional to the population of the 3 sectors in terms of the intra-
zonal trips. That is, the population of the 3 sectors from the
east to the west of approximately 50%, 33% and 17% are pro-
portional to the intrazonal trip percentages, in the same order,
of approximately 35%, 25% and 10%. On the other hand, the
trips between different sectors are proportional to the popula-tion of the two ends of the journey and inversely proportional
to the distances between those two ends.
5. Conclusions
This paper serves as a framework for calibrating a doubly-
constrained gravity model for the trip distribution of the city
of Alexandria for the purpose of analyzing the travel behavior
of trip makers for different purposes. Using a small sample, the
model was calibrated for different trip purposes. The sample
was weighted based on ﬁve household attributes, HHSize,
HHCO, HHAge, Wkr/HH and HHInc using an innovative
and efﬁcient technique.
The model calibration was based on estimating the disper-
sion parameters for different purposes. The calibration was
monitored through comparing the trip length distributions
and average trip lengths for different purposes. The most
important ﬁndings of this paper are the dispersion parameters
and average trip lengths for different purposes. The overall
average trip length (for all purposes combined) proves to be
proportional to the small size of a dense city such as Alexan-
dria. Another ﬁnding of this paper is the valuation of the
attracted trip for each employee (#), the attracted trips for
each educational employee (v) and attraction ratio relative to
the mandatory trips (r) which are very essential to trip attrac-
tion model.
The model validation was based on average trip length not
only in terms of its proportionality to the city size and density
but also in terms of its match with corresponding average trip
length reported years earlier. Moreover, the intrazonal trips of
the eastern sector of the city matched corresponding value
reported earlier as well. Furthermore, the percentages of the
daily trips between different city parts follow the percentage
of the population of and diverge with the distances between
these parts.
The model proves to be sensitive and able to reﬂect
different sensitivities to trip lengths for different trip purposes
with longer work trips and shorter shopping trips with variable
trip lengths for other purposes. Moreover, the share of the
mandatory trips combined is slightly less than 55% which is
less than the well known 60–70% of the developing country.
This is a good indicator of a shift toward more leisure trips
in the city.References
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